This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

« BLACK BORDERS 

VXT CUT OFF AT TOP, BOTTOM OR SIDES 
i? ADED TEXT 
■ ^LEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox, 



INTER LIBRARY LOAN REQUEST FORM .//"^ T/ X 



Borrower's 
Name 

Serial 
Number 



Please Attach Copy Of Abstract, Citation, Or Bibliography, If Available. Please 
Provide Complete Citation. Only One Request Per Form. 



COPYRIGHT 2 0 03 BIOLOGICAL ABSTRACTS INC. on STN 



L16 ANSWER 4 OF 7 BIOSIS 
AN 1997:211545 BIOSIS 
DN PREV1997995 10748 

TI Cis-Hydroxyproline inhibits proliferation, collagen 

synthesis, attachment,, and migration of culture bovine retirml pigment 
epithelial cells. / 

AU Yoo, Jin-Seong; Sakamoto, Taiji; Spee, Christine; Kumura, Hideya; Harris, 
Michael S.; Hinton, David R. ; Kay, Eunduck P.; Ryan, Stephen J. (1) 

CS (1) Doheny Eye Inst., Univ. Southern California, r4^0 San Pablo St., Los 
Angels, CA 90033 USA 

SO Investigative Ophthalmology & Visual Science, (1997) Vol. 38, No. 2, pp. 
520-528. a 
ISSN: 0146-0404. „ 

DT Article y^ZivtS 

LA English 

AB Purpose. Proliferative vitreoretinopathy (PVR) is characterized by the 

proliferation and migration of retinal pigment epithelial (RPE) and other 
cell, into the vitreous cavity. The PVR membrane formation also is 
associated with collagen production by RPE. The authors examined the 
effect of a proline analog, cis-hydroxyproline (CHP) , 

on proliferation, collagen synthesis, attachment, and migration of bovine 
RPE in vitro. Methods. The effect of CHP on cell proliferation was 
determined as a function of dosage and days in culture by counting the 
cell numbers on days 3, 6, and 9. Collagen synthesis was determined by 
trichloroacetic acid precipitation of the radiolabeled samples before and 
after bacterial collagenase digestion. The attachment assay 
involved type I collagen or fibronectin substrates or both (2.5 
mu-g/well) . For migration experiments, RPE cells were removed from a 
defined area of a confluent culture, and migration was quantitated by 
counting the number of cells migrating into the denuded area over 3 0 
hours. Results. The addition of CHP inhibited RPE proliferation in both a 
dose- and a time -dependent manner, collagen synthesis, attachment, and 
migration also were inhibited by CHP in a close-dependent manner. When the 
culture plates were coated with collagen, It 100 mu-g/ml of CHP had no 
effect on cell attachment. Higher doses of CHP resulted in mild inhibition 
of attachment on collagen-coated plates. Simultaneous addition of 
L-proline to the cultures resulted in blockade of these inhibitory effects 
on proliferation, collagen synthesis, attachment, and migration. 
Conclusions. The results show that RPE functions critical to the 
development of PVR are inhibited by CHP, suggesting the possibility that 
this drug may have potential clinical application. 
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cw-Hydroxyproline Inhibits Proliferation, Collagen 
Synthesis, Attachment, and Migration of Cultured Bovine 
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Proliferate vttreoretinopathy (PVR) is characterized by the proliferation and m«n- 
rel '" al P'^ en ; ep'.heli a | .(RPE) and other cells into die ircous cavity^" S 
i'^C'^TV" ak " 15 iss " da ^ ^^ collagen production by RPK. The a.uhors ex; t ,n 
.ne£ the effect of a proline analog «*hydr„xyproline (CHP). o„: proliferation ^ 1 
■rynthest.,. attachment, and migration of bovine RPE in vim,. ' " • - • " 

Methods. The effect of CHP on cell proliferation was determined as function ,|„ s lir , „„. 
. days in culture by counting the cell numbers on d .vs 1 H , n A o , , ! B 

; ^terminec. by *chl W «^^ 
> U< J^Jfnal collagenase digesUon ; ;TJ,e attachment. assav involved k^t!S^i£^- 
: ..- .sutant^r both (23 Mg/w .„); For^igrauon experiments. RPE ceuSeSSS ^ ! 

dependent manner. When the culture plat* Were coated with col*£<^^H* 
••*•.'•'' C f? US *^ The results sho ^ .'hat RPE functions cri.val to tlie dc^loomrni,,. ' PVTJ 



'<-,f'i:-Vi*.:., 



.3- 



Recent advances in vitreoretinal surgery have im? 
proved the prognosis of rhegmatogenous retinal de^ 
tachment, - but long-term success often is implied 
,o,i! develo P men < of proliferative vitreoreunopathy 
(PVR), a disease in which cellular membranes form 



Pmprietary interest ratrgnr,: \\ 



within the vitreous cavity and along the minal' sur- 
faces. Membrane formation and subseqi , nt coWtrao 
tion can have a devastating effect on vision, and this 
process is responsible for the majority ->f failures of 
retinal reattachment surgery. 4 -" A variety of drugs 
ranging from antimetabolites to steroids, have been 
tested as potential therapeutic agents for the treat- 
ment of PVR; however, many of the more effective 
inhibitors of cellular prolif eration also have toxic side 
effects on the eye. 714 Thus far. onlv one of these 
agents, fluorouracil. has been tested in patients." 

In a continuing search for a safe and effective 
antiproliferative dru s for intraocular use. ve recently 

/ru D rt Ua , tetl a Pr0line anal °S- ^hvd ox>proline 
(i-MP). Proline analogs are incorporated into poly- 
peptides, replacing the proline residues and altering 
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Effect ofc^Hydroxyproline on Retinal Pigment Eplthelhim 

dcoST f T Cti ° n ° f * e ^"Ponding poly 
K u anal0gS inhibit the Production o K 

collagen on the post-translational Ivel by pr ventint 
the polypeptides from folding into a stable ttaSSS 
cal conformation- The nonhelical poKSt 
hen are readily susceptible to proteolysis^vTnSce, 
ular enzymes,' "." Iea di„g to reduced 1 secreuo^and 

^ fiK K, deP0S,ti ° n ° f ex ^»ular collagen mbers 
'"fibroblasts, die rate of translation of coHageno^ 
polypepudes and the procollagen messengTSlA 

fitob as^-'Tr ? TO,iferati o» of cultured 
noroDiasts and the migration of epidermal and cul 
tured .nd^eBn, ce Us «- Publish^ rep^ sugg^; 

ref. ! ^ Retinal Panted epithelial 

« f and t arC < T Pab,e ° f Pr0dUCin 8 inie ^tial coHa- 
gens and may play a role in wound healing and in 
diseases such as PVR."* i n ^ stud we 

Ime (GHP),,on the proliferation, collagen synthesis 
l^mem, and migration of bovine r/e ceES 



^TEiil^S ' AND METHODS 



SSr? ^ a P revious, y described 
m^hpd -Briefly, the eye was bisected and the ante- 
nor portion was removed, leaving the intact Optic cup 
After resection of the retina, medium containing 0 1% 

(Sigma, S{. -Louis, MQ) was instilled into the eye cub 

S d ,^ ?ted f ° r 1P minutes « 37-C; The medium 
and the dissociated cells therein were collected by gen- 
tle pipetung. seeded in six-well culture plates pre- 

*Z T h*SS ,aminin (^borative^arS. 
Bedford MA), and incubated with Dulbecco's modi- 
Jed Eagle s medium (DMEM; Irvine Scientific. Santa 
Aria. CA) containing 10% fetal bovine serum (FBS 
W Scientific). 100 M g/ m | sUeptomycin • and 100* 
Mg/n.1 penicillin (DMEM-10). The cells were con- 

anTb^'h Ce " S ^ thdr «**"' Oology 

and by Uie.r keratin positivity as shown by immune™ 

tochemisuy." » All experiments conformed to th 

sociauon for Research in Vision and Ophthalmology 

Resoluuon on the Use of Animals in Research. 

Proliferation Assay 

The RPE cells (1 x lOVwell) were seeded on a 24- 
well plate. Cells were incubated in DMEM-10 for 24 
hours and allowed to attach to the well. Then the 
cells were incubated in DMEM-10 in the presence or 
absence of CHP (1. ,0, 50. 100 „g/ m ,, Sfcma), wi* 



SSI 

orwithoutth additionof Inline (200 /tK / m i) Th 
f r 3, 6, or 9 days, the number of cells in each weH 

ZZZ^ 1 \ h r ocytometer - ™ 

assessed by trypan blue exclusion. 89 All evrwriZZV 
were done in triplicate and repeated XeXeT' 

S*S dhle to Assess DNA 

in*? Hth y m,dine "Ptake assay was performed 
in the presence or absence of CHP (0 110 ion 
50 0. 100^^,,, Wid, or without f£J£ £J 

-J^ulturepbte and 

™e^ 
Sp^ 

MCi^Hthwnirf^ w "* bout ^P r °l'ne. After 24 hours, 6.5 
™y midme (Amersham, Arlington Heirfits ID 
Cells then wS furthtlnS 

! aS t£W ^ ^Woroacetic ^-flC^C 
; added I for 30 minutes, at 4?C; ; then removed and dis- 

:for 20 min.ute,^ ^ .temperature/ then'eoileS • 

iS^'^^^'W and counted in a 
J2T Each experiment wat 

done m qiiadruphcate and repeated three times. 

; Colla^.Synthedo^h'iAv .. : ; 

^^V^^ ^^ d ^i mbaified-- 
version of *e method described by Diegeimahn I e t al ^ 

. and suspended - in DMEM-ip 1 were seedeSlfo ™ V 
wells (3 x ^cells^yell) ^ of 24^ell culnu* pla^F^ 
da^ after plating, confluent cells were treated for the 
first 24 hours with Mnl DMEM-10 containing appro- r > 
pnate concentrations of CHP (1, 10. 50, 75; 100 W k 
ml), with or without ^proline (200 Mg /ml): After ex-' 
posure to CHP, the cells were pulsed with 1-ml DMEM 
containing 2% FBS, 40 M Ci/ml ^-proline (43 Ci/ : 
mmo^ Amersham, AHington Heights, IL), 50 Mg/nil 
ascorbic acid, and various concentrations of CHP The 

icte at 6TC The pulse was terminated by heating the 
plate for 10 minutes at 90*C and sonicating for 30 
seconds per well at 40% power (Biosonik III, Roches- 
ter. NY). One fifth of a milliliter of the cell homo K e- 
nate was removed from each well for protein determi- 
nation using a dye-binding assay." Total protein was 
precipitated with approximately 5% TCA, and washed 
five times by repeated centrifugauon at 2000 rpm 
(Beckman Model J6-B, Palo Alto. CA), aspiration of 
the supernatant, and precipitation with 10% TCA in 
a 1-mM solution of cold L-proline (Sigma). Trichloro- 
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acetic acid was extracted bv addition of cold etha- 
nohethyl ether (3:1) after the last centrifugation. and 
the dned protein was incubated in 0.5 ml of an incuba- 
tion buffer containing 60-,/mol Hepes buffer (pH 
7.2) 1.25 (imol N-ethylmaleimide, 0.25 ,/mol CaCI., 
for 4 hours in a shaking water bath <80cycles/min) a.' 
ul,hnn Xt l / IT'" ^Pe™*™ were precipitated 

f ?n„ m t^ " 5% TCA S ° Iution fo,lowed b) 0-5 ml 
of a 10% TCA solution, and the supernatant were 

"Vi! L' nCuba,ion b,ank - Total protein was again 
freed of TCA and dried. This was digested wiuf 10 
vial units of bacterial collagenase form III (Advanced 
^ Biofiactures, Lynbrook, NY) in. 0.5-ml incubation, 
= buffer under the same conditions as described for the 
mcubauon blank. Using this collagenase; anincubJ 

compfete^ ,, a.gesuon.^ Nonco.lagJn pVotetV 
(NCP) was precip,tated in 5% and 10%TGAs6lua6nsi . • 
and the supernatant* were saved as the collagenase: 
digesuble protein (CDP). The pellets were dLlvTd 

hydride fol.c^bTr 
: - ^^hydrochloric acid and saved as the noncof 

; v ^ n :^ n / ac,io »'- Allmahipuiations after sbnical. ■ 

; S^^T ed T 4 °^Ali q ubu:ofeach^uS^ 
J 0n , b ! an H l .«>! a g en fraction, and nonc>lla g *n%#- 

Protein, scinullauon cocktail , V (ICN .Chemical .C ost | 
■■■ Mesa- CAJ in a 1:10 dilution and yor^MSS/ 

1" ^ C ° Umed for 1 min «* "sing a Beet" 

man sc.nt.Hat.on counter. For each well, percent colli 
gen synthes Z ed relative to iotal protein & dalcu» 
by an equauon similar to that used to assav ch£kS 
bryo col atren *™,h~;* m § , '. ■ . n,CKem I 
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so ?H n r ^' Bedf ° rd - mh The P roteins "™ 
2?^' P h ° s P ha * buffered saline a, 5 
mg/ . and each well was incubated with 0.5 ml of this 
so.ut.on tor 5 hours a, raom temperature. To de " - 
-ne the effect of both collagen and hbronectin, the 
plate was .ncubated with 0.5 ml per we.. „f each so.u- 
t.on. For attachment assays, confluent, third through 

flasks m DMEM-10 with CHP (0 to 400 „ g/m ,) or / 
proline (200 ^ g / mI) or both for 24 hou ^ g ' ^ ^ 

ST e FBS and HT Cnd f mCdiUm -PP'—nted 
wuh 2 % FBS and the analog used at the same concent 

tratrons as ,n the preincubation. The cells: (1 x WO 
weH) were seeded oh/the 24-well tissue culture plateD 
and .na.bated for 50,minutes.,the wells were rW- 
: tw.ee Wth tfank-s balanced sal, solution , anAb* 
nnses^e re combined. Trypsin <0: J % Wadded to I 
m.mm.ze celhclumping beforerthese unattachedWji^ 
were counled usi an ^ cou J*«»> 

S5 *J rema ' ned a,tach ed <° ^e wells were .rvpsin- 
.zed and Runted also. , 1 



ion 



' a\:' > 



;'i-i-v 



bryo collagen synthesis. 1 ' f 
%C<iIlagen ; ;< - - 

cpn in CDP 



..fr-\. --..:f 



,(q>m mHMcf x 4*) *^CRm : in ; CpP) : ^ 10 f " 

The RPE celb produce a wide spectrum of collaeen' 
^ ,nc,ud «"g fibrillar collagehs Oype, , ; ,„ ^ 
basement membrane coHagens (^)^ 'S 
me proportions of collagen tvpeTnroduced 
known specifically. The percent colleen pWnTin 1 

™T 1°^^ ^-was^l'^d 
on tn e basis „f the following calculations: the sum of 
proline plus hydroxyzine in bovine colIagenTao- 
prox.mau.ly 22.4% of the amino acid r^idues whereas 

Tl%£ " 0nC ^ gen Protei " C ° ntains a PP-^aS 
co li P "^^'ine - Therefore, boS 

and L" COnVUn ?- a PP roximate 'K 4.4 times more proHne 
and hydroxyprolme than does noncollagen proC 

Attachment Assay 



^^^P^^P^rriied i^oun^revibulillf 
^r^^thpdLvvith 6n.y,mi„bh rnod% 0 hA 
" W ^ E ; ce, s ^e { se eded into.20,mm4velrd ameter : 
■i2^e!l : plate S ,(Co m irigClass^rk,^ 
a dens.tv of Sx 10^ cells per we... The cShw^ 
grown torconfluence, and 2 davs later, the assav wal 

performed,, A: S traigh^dge^drwbla^^^ 
• wound the-monoUver^ 

■ woundmg cu Were treated ^with various i& « 
^trauons of^HP ^ I. 10, 50. Joo ^/ni,) ^ 
wuhout proline (200 ^m.);iin^ M '.0^|2 

into a denuded area of the cultures. The eel s r were : 
washed four times with Hank> balanced saSut.c n : 
o remove floaUngcelfe andthe^ 
^amecpnee^on^^in^ 
med.u.m supplemented with 2%i FBS. After 30 hours 
1^ ^^^ Paraformaldehvde ^ 

Z ^s s Jn J m, "" teS ^ 5lained Wchard- 
on s steln at ropm temperature for 10 minutes. Migra- 
nt T qUa " t,fi ^ d . by counting the number of Ss 

mto the denuded area per microscopi 
field The wound edge was identified by the light 
scratch left bv the razor blade on the surface J t 

Statistical Analysis 

All experimental data were analyzed statist.ca.iv using 
^e p ai red two-tailed Students Mest between expert 
mental group and control. P 
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CONTR L 
CHP 10|ig/ml 
CHP50fia/ml 
CHP 100ugfrnl 
.CHPIOO^g/ml 
+L-prollne 200 M g/ml 




plates, were allowed to attach for 24 hours before the addi- 
nop of the^analog io ; the concentration indicated. This in- 
^S^f^? ^^!#<l; b^K e :addiuon of proline 

expressed as a 

'^"^aW- 8 -^ 1 ?" ^ *S!W'fi«n,' difference 
. ( " < ( . , 0 «) from corilrol proliferation .ofie 
vach" concentration:' , v^*--. v 



jeach, intervalat 



■ . results, * . '.^ '-; y ; 

: CeU Proliferation Assay • 

./^.Hydrox^roline inhibite of DO _ 

Rf | cells in a dose-dependent and a time-depen- 
,fe^ an " er - At 6 and 9 days; CHP concentrations of 
VmJ ° r mo1 ? s'gnificanUy reduced the number 

of cells, but at 3 days, only CHP concentrations of 50 
a " d . 100 >g/ m | significantly reduced cell numbers 
(Fig. 1). Inhibition dose 50 (ID*,) values were 47 5 
30.0, and 23.0 ng/ m \ at 3, 6, and 9 days, respectively. 
In the H-thymidine uptake assay, thymidine uptake by 
RPE cells also decreased in a dose-dependent manner 
with an Rvalue of 60 M g/ml (Fig. 2). The inhibitory 
effect was abolished by adding ^proline (200 j/g/ml) 
to the medium. These findings were consistent with 
those of a preliminary study that had shown L-proline 
itself had no effect on cell proliferation (data not 
shown) . Cells cultured with the CHP became flattened 
and rounded, whereas cells in the control culture and 
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toi^A K Ul ? rC ^ the **** and ^oline re- 

S?« (Jf t and polygonal n ' orpho,ogies ^ 

Collagen Synthesis 

Treatment with CHP inhibited the newly synthesiz d 
CDP , n the culture of RPE cells in a doseniependent 

CM IV",™' ?5, and 100 °HP inhibited 

CDP 40%, 70%, and 90%, respectively (Table 1) At 
concentration of 100 //g/ml, CHP inhibited NCP 10% 
by assay with bacterial collagenase (Table 1), which 
digests CDP into TCA-soluble peptides but leaves NCP 
undigested, and thus TCA precipitable. The^CHR at 

K Sa^ct 00 Mg/mI lnhibited collagert'^esis 
by 35%. 65%, and 87%. respectively. Siinultanebus 
, v^S*^ in « prevented the inhibito^effect 
CHP on- collagen synthesis (Table I). 1 

Attachment Assay 

Control RPE cultures showed varying degrees of at- 
tachment^epehding on the substrate. Within 5 min- 
utes, 31%. 50%, and 54% of RPE cells attached to 
^wells a ated with type I collagen; fibronectin and both "\ 
. fibronectin and type I collagen, respectively, in coh- 
■ -tras V during the same periods^ only 15% of the cells 
^at^c.hed.to pJas;tic;substrate;wiAor.wjth^ 

' k'k- ™ E a ^ toe nt'to^hned.^n%te$,W^ 1 
nibited by varying concentrations of CHP (Fig 5) 

^Hydroxyproline inhibited the number of cells that 

attached to the pt^c sabiuiatuW.<%culnJi« plates in 

a dose-dependent manner (Fig; 5, bpen squares): Its - 




CONTROL 0.1 

L-prollns 200 

CIS-HYDROXYPROLINE CONCENTRATION (ug/ml) 

figure 2. Dose response curve of the inhibitory effect of cis- 
hydroxyproline on s H-thymidine uptake. Data are expressed 
as a mean ± standard deviation (n = 12). Asterisks indicate 
a significant difference from the control of each concentra- 
tion (*P < 0.05, **/> < 0.01). 
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-n.^™^,, *i*^^SSj2KSS^ .... ; 

inhibitory effect was attenuated by adding /.proline 
to the^nedium (Fig. 5, open circles). X-proline (200 
Mg/ml) alone, had no effect on cell attachment (data 
■> not shown)7'Prior coaung^f cuitMre plates with colla^^^ 
. fi ^ nec «n reduced^l|nh|bit6ry effect ^ 

-coHagen^d not show the 'inhibitbr^effcer of ; lowV ? 
; d ^ eS ^ C " P (<100 ^g/niij. on cell .'attachmentiK : 
whereasr at high doses of CMP : (>200 ^g/mi^the - 
V g ^? ted p,atCS exhibit «* only a modest inhibi- 
tion of RPE attachment (Fi g ,5; filled triangles)VCuK 
tureplato coated with fibronectiri showediparUal ihhP ^ 
bition of attachment by CHPfit TOO; 20d.- and^0(l - 
^ml,i:HP inhibited the attachment 18%. 25% and 
30%, respectively (Fig. 5.:filled:squares): The culture'^ 
: ~ at ^ d Previously With both Icoliagen and fibre- 



nectin completely blocked the effect of CHP on at- 

tachment.xeven /atihigh dqses.qf CHR^Fig. 5, filled 
ci rcles) A , , • - ^ o - j 

'CeU. Migration''' 



cells mtalthe.deniided awa in a^dose^epeodenimari.^ 

by 38%f^ re as eHP at :100 pg/ml : inl.ib:ted^nigra. * 

7 I ? '• K S I im i u,taneous «™*ment with /.proline 
(200 ng/miy blocked . the inhibitory effect of GHP on ' 

■migraddn'|Eigs:f'6; : ;7) ; ; :; , . - ■■• ;: ••' 



DISCl|S3IbN^ 



.'4. 



^i^fEffects of CHP-pnlpSSt^ -ag : f ; 
•.Synthesis of Collagenous an£t^f^''^?i$ 
Noncollagenous Protein by Kij?Ceij 3S 



'..i.'-'.' t ?,'. | ',i 



.Inxertaiap^ 

shown, to produce excessive amounts of extracellular '■] ■ 



0 (control) 
1 

10 

50 

75 
100 
100+ 

(--proline (200) 



384 ± 12 
393 ± 13 
360 ± 10 
235 ± 17* 

H7± n* 

40 ± 60* 



273o,±Aj3;;:;: 3.i * 62: 

2645 * 70 3.3 ± 0.1 
2613 ± 94 / 3.0 + 0 2 



2634 ± 64 
2558 ± 61 



2.0 ± 0.1 J 
1 1 ± 0.2* 




2434 ± 89t 0.4 ± o!l 
424 ± 58 2829 ± 146 3.3 ± 0.4 



Results are mean ± SD (n = 5) 

protein W a, ^ ,ge,Ub,e pro,e,n: NCP = "oncollagcno,,, 
™*ZZr % COn,r °' : iP< 005 ™» ««"* X P«WI 



figure ^ Attachment assay using culture plates coated pre- 
viously w„h type I collagen or fibronectin or both. Com™, 
reunal p.gmen. ep.thelial cultures showed varying | eR re« 
of attachment depending on the substrate. Results a- , Len 

ZHm" 1 , T hn ' dCViali0n ( " = 9) - ^ asterisks indi- 
J "ni? ^ nCe fr ° m ^ P laslic sub «ratum (*/>< 0.05. ••/» 

noXc, ir3ft2asr ) added 10 ,he medi " m had 
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Plastic 

t-Prol(n#200jigftni 

TVpo I Collagen 

Rhrontctln 

Type I Collagen 
♦ Flbroneclln 



1 0> 



* V * - -- « ' • " ■ v * 1 00 , 1000 

CIS-HYDROXYPROLINE CONCENTRATION <ug,m|) 

figure s. Inhibition of retinal pigment epithelial attach- 
^&^^f*Vm ^varying conceptions o?£ 
'SSu^STr™ -^^m - normalized to comS 
>J-^>$&$ ^ Cach Sl,bstrate - E«* point is a" mean ± . 
y*^a,£<!™auon «" r 9). The asterisks indicate a signifi- ' 
" 0 a pi ) e " Ce fr ° m the c ?^'™' ^."''"re (*/> < 0.05, **/> < ' 

tiM^f&M " ^^'MMw ! of collagen and 
glycoprotems by RPE cells may be important in ihe 

. P ?te^ s,s °f PV R- Administration of low. doses of 
I ^?.^^xy>rolin^ (CHP^hWibeeri shown previously 
^reduce collagen depqsitipn: iii the tissue of several 





100 100 4 

CIS-HYDROXYPROLINE CONCE^ATIO^&mO 

ficure 6. The inhibitory effect of varying concentrations of 
r«>hydrox)proline on retinal pigment epithelial cell migra- 
tion. The rn.gn.tion of retinal pigment epithelial cells was 
measured as the number of cells that crossed the wound 
edge^Results are given as mean ± standard deviation (n = 
to). The inhibitory effect was reversed by adding L-proline 
to the medium. The asterisks indicate a significant differ- 
ence from the control for each concentration <*P < 0.05 



figure r ?hptomicrogra R hs of; retinal' pigment epithelial' 
mi ^ JOn (Dulbecco-s modified Eagle's medium with" 2% - 
0 ftttd. bovine serum). Arrows indicate .the -original wound 
^g^lfc-were.fixed and stained with«fcluud4o»'s sou* 
.-10 hours after wounding and treatment. (A) Medium only 
(control, original-magnification. X29); (B) ; ld0 ! W/ml of • 
^hydroxyprbline (original magnification; x 28). * ; f • 
' ••' '~ '{-V^ i . ■ • - j. 

animal^odels wiu^uipro^uci^ 
on aorta^derived cells:in vitro showed dtit in^brpon» 
Oon ofCHPinto prqteindid rwthave^ffecton th*IP 
. synthesisrand secretion ;0 F,elastiii^i|i o inta ^p 
procollagen molecules were recovered;^ V.Thus CHP^ 
can have a specific; effect^ :: c^jg^^^'ahd^^ 
secretion in vivo arid in vitro. •'■Z^M^/'pi?? '' 

We showed that CHP, a -'proline ■«^H^^rt^wie^^ if ! , 
proliferation, collagen synthesis, attachment; and mi- '•"'! .'. 
gration of cultured bovine RPE cells and that these 
effects were abolished by adding ^proline to the me- 
dium. The cells cultured with CHP exhibited a flat- 
tened, rounded appearance, whereas the cells in the 
control culture and in the culture with both the analog 
and ^proline retained a spindle and polygonal shape, 
suggesting that cellular attachment, motile activity, or 
the cytoskeleton had been altered by this analog. 
These findings indicate that the continuous produc- 
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tion of collagen may be required for the attachment 
and proliferation of RPE cells.* although it is possible 
that the structure of some noncollagenous protein 
such as fibronectin, which also is essential for cellular 
activity, may have been altered in the presence of the 
analog. 

In our experiments, the effective dose of CHP is 
approximately 50 ng/ml. This dose is higher than that 
required for skin fibroblasts 21 but is lowe r than that 
required for tumor cells. 43 Fibroblast: accumulate 
greater amounts of collagen than do RPE, whereas 
previously studied tumor cells appeajv^accumulate 
less. Thes results suggest that^&M^m^^^^. : ' • 



■v - ^ unr. ine^ect^f^P/ioh cell • 

proliferation appeared to be 4ep|a^^ thV inci . 
Nation period. Low conrenti^u^iol^ 
ml) did not inhibit thyinidine?fi P ^ke§ rl&uluMr; ; 
at 48 hours but reduced cell number' 'only ' after 6 or 
J days of incubation. Because the incorporation of 
V ' , ,^Pr ol, " e is inhibited by CHP^dep^ndingron, the 
. ihe intubation perio^^r^t^upriSff 

: • W?J«Hfc 'hat proline analoas^^jf^^LiiE 
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mine whether CHPnrontaining NCPs retained biologi- 
cal activity, the known innuence of proline residues 
on the secondary structure of polypeptide 
suggests that proline analogs might alter the confor- 
mation and thus the activity of important NCPs. 

Cell migration also was inhibited by CHP. Simulta- 
neous treatment with /.proline blocked the inhibitor* 
effect of CHP on migrauon, suggesting the continuous 
production of collagen may be required for RPE cell 
movement. It was not determined whether a reduction 
in cell attachment in the presence of this analog de- 
creased the migratory activity or whether attachment 
and migration were attenuated indejiehdei^v'ihv ' • 
;ana, °g- ' • ^v^islSi^.:.^ 
In conclusion, we have shown thai^HP^kVstv:'^ V 
dependent, inhibition effects on proliftratiol^iina^ f 
gen production, attachment, and tfiif ratroP^RPE * ; 
cells in vitro. The results suggest tha^iapf podKv U 
tion plays important direct or indirect roles In these "'' 
processes and that this proline analog may have poten- 
tial clinical use to inhibit these RPE functionsthat are - 
critical to the development of PVR. Ir^H b£tS^: ■ 7-'*. 
•Metennine.thesaferyofthisd™ 



■lion; proliferative vitreoreiinopathv *$M&j^^%$&¥^> 



.r at. U>iiis: CV' Mosby; 1 994:2249-2263.' * ; v 



r ."h»b|ted the attachment of cip^gff|^| 
turn bu, had no. effect on t^mBSm^i 

by the hndmg that addition brlxopmSuf * 

■ ''ST^ C f^ m&*«W*»**ii* ...... 

vi>rirpn KPfc cells and supports-the notioiiahat colla- M"™ces 

P'^f ^Poftant role jnJiPE ^aUachnient^ "^'^ 
^ When high doses of CHP (200*hd 400 pg/ml) were 
i«ed, C oa;ting the culture plate witK Collagen matrix 
,, <>ply; partially reversed the effect of the (GHK-Howevif- 
•h'Vf^ct was stronger than that produced by fibrof 
f " alin R a >°?«- Even at the highest doses tested ' 

Si^Sufm^ 

•f^ra-.^W'^Jp? both fibronecun and collagen. ^ ^^ed.-mm v^. 3. St \ Louis CY' : sLL^ ' 

: ; T^|^ata;sug g es.t ; that although CHP had P ro- :-W^2^,: --f£^: . d C\ ; M„ s bv : . 

■M^B ^^^V^' » a !"> had a significant effect ^ Th^RW,;^ w„ 4 ' . » ' 

^«^W^ tioni ^ 100 //g/nil and above. 
^n^^rPossiWe-that at .high doses of CHP the 

presence of defective collagen containing CHP within 

the c^ c„ llId have an effect on the metabolism of 

o her proteins that participate in cell growth such as 

ftbronecun. S.milarly, high doses of CHP inhibit tu- 
mor cell proliferation, even though the tumor cells 

may not require a collagen substrate for growth." This 

conclusion is supported by the finding that CHP (200 

n»L ft"™* 'he secretion of laminin and he- 

paran sulfate proteoglycan, as well as collagen types I. 

HI. and IV , n Schwann cel. cultures. « Proline analog 

nro eTnTT ^1°^ int ° a " P r »»««ontaining 
proteins replacmg the same proportion of proline 
residues ,n CDP and NCPs. Although we did nntTZ 



\ !'■■■> v 



^ 1J M^^^ ie ^J^^gy^nxm\u e e The clas- 
: ' Sl > f fte ,f ^""^^hment Wh proliferative vi- ■ 
1^rt» n< »pa»hy. Ophthalmology. 1983;90121- 25 
3,Rachaf^F.BunonTC Changing concepts of failures 

J^SSo-4^ Chrt,Cm SUT * ety - ° phthalmn ' 
<i. . Freeing, HM, Castillejos ME. Current management 
of giant reunal breaks: Results with vitrectomv and 
totala,,- fluid exchange in 95 cases. 7mw Am Ophthal- 
molSor, 1981;79:89-102. ' 
7- Tano Y. Sujrita G, Abrams G, Machemer R. Inhibiii,,,, 
of intraocular proliferations with iniravitreal rortir.; 
steroids. Am J Ophthalmol. 1 980; 89:131-1 36 
«. Kirmani M, Santana M, Sorgen.e N, Wiedema.,,, P. 
Kyan S|. Antiproliferative drugs in the treatnv ,n of 
experimental proliferative vitreoretinopaihv: C.nirol 
ny (launomycin. Retina. 1983-3 2ft9-272 
»• Sicrn WH. Lewis CP. Erickson PA. el al. Huorour,, il 



Effect of ct^Hydroxyprolme on Retinal Pigment F^rtHfam 



10. 



li. 



12. 



13. 



14. 



15. 



K16: 



18. 



19. 



21. 



-22. 



23. 



24. 



25. 



therapy for proliferative vitreoretinopathy after vitrec- 
tomy. Am J Ophthalmol. 1983;96:33-42. 
Stem WH, Guerin C|, Erickson PA, Lewis CP, Ander- 
son DH, Fisher SK. Ocular toxicity of fluorouracil after 
vitrectomy. Am J Ophthalmol 1983;96:43-51. 
Blumenknyu MS, Claflin A, Hajek AS. Selection of 
therapeutic agents for intraocular proliferative dis- 
ease. Cell culture evaluation. Arch Ophthalmol 
1984;102:598-604. 

Barrada A, Peyman GA, Case J. ! Evaluation of intravi- 
treal 5-fluorouracil, vincristine, VP16, doxorubicin 
and thiotepa in primate eves. Ophthalmic Surg Lasers. 
1984;12:767-769. , " :r ?( „ 
Peyman GA, SchulmanJ^J^j^ra 
thy and chemotherapeuu^ Ophthalmol 
1 985; 29:434-442.: ] £ v t . ''. 
van Bockxmeer DE, Con- 

stable IJ. Taxol few; , di£j^ vi- . 

treoretinopathy. /injmjl^^hthalmol : - Ws Sci. 1 985* 
26:1140-1147: ? 

Blumenkranz M, Hernandez E. Ophir A, Norton EW. 
5-fluorouracil: New applications in complicated reti- 
nal detachments for an; established antimetabolite. 
Ophthalmology. 1984;9 f: 1 30^ v — 1 ' : " 
- Uittpjf Prockop^ ana- . 

Jogues into,collagen|^i^ pro - 
. d 4ctipn of exiracelhftariprb^^ the stabil- 

ity .of the triple-heji|^^ Bio- 
rhem Biophys ^cta : ^^3sM^^i^. ; ^: ;! :'\ .- • • 
Berg RA, Schwart2?MLi; : ^ of the 

production of secretorycprotein^ 
dation of newly synthesized ' 'defective" collagen. Aw 
Natl Acad Sri USA. 1980; 77:4746-4750. 
Harrington MJ. Fornieri C, BartJet CP, Heale G, Lev- 
■ " ^ • X^*-*^^ 0 ™y9^K,- a n^- y| u^astriic t u ral study on. the . 
effects of proline analogues pn^cpilagen synthesis in 
3T6 fibroblasts. J Pharm; Phapnai^ N 
,targ ; RA, Schwartz ML. Rome LH; Crys RG , Lyso- 
somal^ in the-degradaudh of defective colla- 
gen in cultured , T lung : ; fibr6biasts. Biochemistry. 
198,4;23:2134^2138. \- 

^ n l^ L \ R y na n^n;L. Uitto v j;;Proline analogues in-, 
hitytskin fibroblast -growth I arid collagen production 
in culture. J Invest Dermatol. 1983;80:261 -267. 
'UWtoTLA, Venjbu *D, Kleinmann HK, Martin GR, 
Boone /C. Collagen required for proliferation of cul- 
turetl connective tissue cells but not their transformed 
counterparts. Nature. 1978;272:622-624. 
Stenri KS, Madri JA, Roll FJ. Migrating epidermis pro- 
duces ABa collagen and requires continuous collagen 
synthesis for movement. Nature. 1979;277:229-232. 
Madri JA, Stenn KS. Aortic endothelial cell migration. 
I. Matrix requirements and composition. Am J Pathol. 
1982;106:180-186. 

Turksen K, Aubin JE, SodekJ, Kalnins VI. Changes 
in the distribution of laminin, fibronectin, type IV 
collagen and heparan sulfate proteoglycan during col- 
ony formation by chick retinal pigment epithelial cells 
in vitro. Collagen Rel Res. 1984;4:413-426. 
Campochiaro PA, Jerdan JA f Claser BM. The extracel- 
lular matrix of human retinal pigment epithelial cells 



26. 



27, 



28. 



29. 



30 



31 



32. 



.33: 



'34. 



Y.35. 



36. 



•^\37! r 



38. 



39. 



40. 



41. 



527 

in vivo and its synthesis in vitro. Invest Ophthalmol Vis 
Sri. 1986;27:1615-1621. 

Sakamoto T, Sakamoto H. Sheu SJ, Gablielian K, Ryan 
SJ, Hinton DR. Intercellular gap formation induced 
by thrombin in confluent cultured bovine retinal pig- 
ment epithelial cells. Invest Ophthalmol Vis Sci. 
1994;35:720-729. 

Boscoboinik D, Szewczyk A, Hensey C, Azri A. Inhibi- 
tion of cell proliferation by alpha-tocopherol. Role of 
protein kinase Cy Biol Chem. 1990;266:6188-6194. 
Borek C, Ong A, Mason H, Donahue L, Biaglow JE. 
Selenium and vitamin E inhibit radiologic and chemi- 
cally induced transformation in vitro via different 
mechanisms. Proc Natl Acad JSci mA^ 
1494. \ y '4 ?0V\&ft£./ '■ ' ■ ■ \ 

Phillips HF. Dye exclusion tests ; for^Il!yiability. In: 
Kruse, PF, Patterson MK, e^7Ys^^ti^ Methods 
and A/^/icfl/w^; NewYork: Acad^ 

Diegelmann RF, Bryson Git; Flood L^Granam MF. 
A inicroassay to quantitate collagen synthesis by cells 
in culture. Anal Biochem. 1990;186:296-300. 
Low SQ, Kitada S, Lee DA. Interferon^amma inhibits 
collagen synthesis by human Tenon's "capsule fibro- 
blasts in vitro, -Invest Ophthalmol Vis Sci. 1991; 32:2964-. 

Bradford MM. A rapid and] ^roitiy^i^^^ifpr the; 
quantitation of microgram qua^ "Mfe- 
ing the principle of protein o^tiin^ 
1976;72:246-254, / ./ '^m^^i^A , ■ 
Nanes MS, McKpy WM, Mapt|^in^it^^ 
tumor necrosis factor-alpha and interferon-gamma oh 
deoxyribonucleic acid and collagen, synthesis by rat 
osteosarcoma r cells s.(R#jii.7/2.8)i - Endocrinology. 

;^989M^4:339-345;;. ; ^ ; \ ; . 

Piegelmann Pkerkpfsky B 'Collagen biosynthesis 
during connective tissue /developme^ 
bryo. Dey BioL;)97%2&4^ V 

" ffcfeck : G* Aniinp , acid compositions of^Iecied ,pro: , 
teins. .-In: Fasman Gp i: ecL Hand^ 
Molecular Biobgy.Vol 3. 3rd ed! Cleveland: CRC Press; 

n^5:^^524.- . ^ vhv, ; ? ^ 

Murphy tl|:^kalmoto T, Hinton DR;1et al. Migration 
,6f retinal pigment epithelium cells in vitro is regulated 
:by protein ^Wnase <C. ExpEye Res. 1995;60:683-695. 
^Wallow IHL^Tsp MOM^ Proliferation .of the retinal, 
■ pigment epithelium over malignant choroidal tumors. 
Am j Ophthalmol 1972; 73:914-926. 
Mueller-Jensen K, Machemer R, Azarnia R. Autotrans- 
plantation of, retinal pigment epithelium in intravi- 
treal diffusion . chamber. Am J Ophthalmol 1975;80: 
530-537. 

Daly JM, Steiger E t Prockop DJ, Dudrick SJ. Inhibition 
of collagen synthesis by the proline analogue cis-4- 
hydroxyproline. / Surg Res. 1973; 14:551 -555. 
UittoJ, Hoffman HP, Prockop DJ. Synthesis of elastin 
and procollagen by cells from embryonic aorta. Differ- 
ences in the role of hydroxyproline analogs on the 
secretion of two proteins. Arch Biochem Biophys. 
1976;173:187-200. 

Rosenbloom J, Cywinski A. Biosynthesis and secretion 



528 



of tropoelastin by chick aorta cells. Biochem Binphys Res 
Commun. 1976;69:613-620 

42 ^WW-^f^PDJ ProUne analogue removes fi- 

/ ^^« U,tUred mixed CeU W'ations. Na- 
ture. 1977;266:63-64. 

43. Vembu D. Liotta LA, Paranjpe M. Boone CW. Correla- 
tion of tumorigenicity with resistance to growth inhibi- 
tor by cis-hydroxyproline. Exp CeU Res. 1979; 124:247- 

252. 

44. HarschM. Murphy L, Rosenbloom j. Metabolism bv 
.solated fibroblasts of abnormal collagens containing 



bK, ^ n 0 * M " ta ^ * **** February ,997, Vol. 38, No. 2 



analogues of proline or lysine. FEBSUtt. 1972;26:48- 

45. Eldridge CF Bunge RP, Bunge MB. Effect f cis^ 
hydroxy4.-prol.ne. an inhibitor of Schwann cell differ- 
ent.at.on, on the secretion of collagens and noncolla K - 

SSTiTESi? Schwann ce,,s - ** ™ * 

46 sm?™ ^ T*™" GD - Predicdon of «condary 
I^M f TOleinS from * eir amino a «<« "quence 
ln r Meister A, .ed. Advances in Emymolog,. New York- 

Interscience; 1978;47:45-52. 



- yr-:.;W ;* , 



